Abstract-Cytochrome P-450 (P-450) content and laurate-o)-oxidation activity in rat kidney and liver microsomes were investigated following starvation. Multiple forms of P-450 were analyzed by one dimensional separation using peroxidase stained SDS continuous gradient polyacrylamide gel electrophoresis. Gels of the hepatic microsomes treated with phenobarbital showed three P-450 bands, and the renal microsomes showed one sharp band, which was induced remarkably by starvation and coincided with the middle molecular form of P-450 from the hepatic microsomes. Since laurate-w-oxidation activity was induced specifically by starvation but not by drug treatment, in both the kidney and the liver microsomes, the middle molecular form of P-450 might catalyze laurate-o)-oxidation. It seemed, therefore, that a special P-450 subunit catalyzing laurate-w-oxidation has a greater function in the renal rather than hepatic microsomes because the specific laurate-w-oxidation activity per starvation induced P-450 content was relatively similar in both the kidney and the liver.
In the past 20 years, numerous papers have reported on the purification and properties of cytochrome P-450 (P-450), especially that found in liver microsomes and first detected by Klingenberg (1). Extrahepatic tissues such as lung, intestine, kidney, skin and adrenal glands, etc. also contain P-450 activity in microsomal and/or mitochondrial fractions. Generally, the P-450's in these tissues possess functions different from each other. Certain functions, however, such as drug metabolism (2, 3) and fatty acid -w-hydroxy lation (4) are common in some tissues. In liver microsomes, multiple forms of P-450 subunits have been found and well classified (5). Individual subunits show specific properties not only in chemical structures but also in functions. On the contrary, less observations of extrahepatic P-450 multiplicity have been reported (6-13). Guengerich et al. (2, 3) have reported that the antibodies against P-450's purified from phenobarbital (PB) and 3-methylcholan threne (3MC) treated rat liver could cross react with PB and 3MC induced P-450's from kidney microsomes. Therefore, we can speculate that there would be common P-450 subunits between liver and kidney micro * This research was presented in part at the Fifth somes.
In rabbit kidney microsomes, Kusunose et al. (14) have demonstrated three distinct forms of P-450 separated with high performance liquid chromatography. While liver microsomes reveal the highest specific P-450 activity (2), this does not always correlate with its higher P-450 multiplicity. Comparison of possible simi larities in structures and functions between hepatic and extrahepatic P-450 subunits would shed light on the investigation of extrahepatic P-450.
The purpose of this study is to demonstrate the effect of starvation on the microsomal P-450 and laurate-a -hydroxylation of rat kidney and liver. Animals: Male Sprague-Dawley rats (150 180 g) were treated as described. The experimental rats were starved for 12 hr and 48 hr or treated with drugs by intraperitoneal injection. The drugs used were PB dissolved in saline (80 mg/kg/day for three days), BP in corn oil (20 mg/kg/day for three days), and 3MC in corn oil (30 mg/kg/day for three days). The control rats were injected with saline or corn oil for three days. The rats were fed a standard laboratory diet until decapi tation.
Materials and Methods

Chemicals
Preparation of microsomes: After decapi tation, the liver and kidney were removed. Tissues were prepared at 4'C. For isolation of microsomes, livers and kidneys were sliced and homogenized in a nine-fold volume of 0.25 M sucrose with a Potter type homo genizer. These homogenates were centri fuged at 10,000 g for 10 min (Kubota KR65C), and the supernatants were ultracentrifuged at 105,000 g for 60 min (IEC B60). The pellets containing the microsomal fraction were washed once with 1.15% (W/V) KCI and resuspended in 0.25M sucrose to about 10-20 mg protein per ml. The samples were assayed within 24 hr.
Analytical procedures: Protein was meas ured according to Lowry et al. (15) .
The amount of P-450 was measured as described by Omura and Sato (16) using a Hitachi 340 Dual Beam Recording spectro photometer.
Four to 40% (W/V) continuous gradient polyacrylamide microgels were made in 10 el capillary tubes (Brand, F.R.G.). One hundred to 400 ng of microsomes solubilized with 0.25% (W/V) SDS in 20% (V/V) glycerol were applied onto the gels. Electrophoresis was performed at 60V for 30 min at room tem perature (17). After electrophoresis, microgels were pushed out from the glass capillaries with a steel wire. Peroxidase activity of P-420, which was converted from P-450 by SDS, was stained in microgels by the modified method of Thomas et al. (18) . Microgels were incubated in 2.1 mM TMBZ solution freshly prepared with 3 parts of methyl alcohol and 7 parts of 0.25M sodium acetate buffer (pH 5.0) at 25°C for 10 min in the dark. Hydrogen peroxide (H202) was added to the incubation medium (final concen tration 30 mM) and further incubated at 25°C for 30 min in the dark. Stained gels were washed with a mixture of 3 parts of isopropyl alcohol and 7 parts of 0.25M sodium acetate buffer (pH 5.0) for 3 min. Densitograms were made by a Joyce-Loebl microdensitometer (MK III CS) using a red filter (620 nm) (19). Estimation of molecular weights of micro somal P-450 was performed with microgels using internal molecular calibration proteins.
Omega-hydroxylation of lauric acid was assayed by a modified method of Ichihara et al. (20) . The microsomes were incubated with NADPH and [12-14C]-lauric acid at 37°C for 10 min. Metabolites of lauric acid were separated on a thin layer of silica gel (Merck Silicagel 60) with solvent (ether: benzene: ethylalcohol: formic acid 250: 250: 10: 1) at room temperature for 25 min. Radio active spots were visualized by spraying with 1 % (W/V) a-cyclodextrin in 30% (V/V) methylalcohol and then scraped off into scintillation counter vials. The radioactivity of the metabolites was counted in a liquid scintillation counter (Packard Model 3320).
Results
Effects of starvation and treatment with drugs on P-450 and laurate-o-oxidation activity in kidney and liver microsome:s Figure 1 illustrates changes of P-450 and Iaurate-w-oxidation activity in rats under various conditions. As shown in Fig. 1 , specific P-450 content from starved rat kidney was increased about 40% in 12 hr and almost doubled in 48 hr. Specific Iaurate -ca-oxidation activity was also induced in parallel with P-450. Drugs such as BP and 3MC, however, induced only P-450, but not Iaurate-a) oxidation. PB induced neither P-450 nor Iaurate-a)-oxidation. The abbreviations are: CONT, microsomes from control rats; ST 12HR , microsomes from 12 hr starved rats; ST 48HR, microsomes from 48 hr starved rats; BP , microsomes from BP treated rats; 3-MC, microsomes from 3MC treated rats; and PB, microsomes from PB treated rats . Numbers in parentheses represent the number of experimental animals used in each group. Columns and respective vertical bars are means±S.E.
Asterisks in the figure denote statistical significance (P<0.01) between the control and the experimental groups. Differently from the kidney microsomes, specific P-450 and laurate (o oxidation activities from the liver microsomes were not induced by 12 hr starvation (Fig. 2) , while 48 hr starvation caused laurate-w-oxidation activity to increase significantly without affecting the P-450 content. Although hepatic P-450 was not induced significantly by treatment with BP and 3MC, mean values of P-450 content tended to increase, and the absorption maximum of the dithionite reduced carbon monoxide-P-450 complex was clearly changed from 450 to 447 or 448 nm. On the contrary, PB induced an approximate 3-fold increase in liver P-450, but laurate-w oxidation activity was rather decreased.
On the other hand, the absorption maximum of renal P-450 was not changed after the treatments in comparison with the control (452 nm). Effects of starvation on densitometric profiles of P-450 from kidney and liver microsomes: Figure 3 shows the peroxidase stained scanning patterns of renal P-450. Microsomal P-450 from control kidneys showed one sharp peak. Following starvation, this sharp peak was increased with time, and no other clear hand could be observed. On the other hand, hepatic P-450 from control semi-quantitative peroxidase stain profiles of P-450 from liver and kidney microsomes under various conditions are schematically drawn. In our electrophoresis procedures, hepatic P-450's were divided into three main bands, and we named the bands 1, 2 and 3, beginning with the higher molecular weight molecule.
Renal P-450 showed only one hand that coincided with hepatic band 2.
Electrophoretic patterns of hepatic P-450 were changed by various treatments. Band 1 and band 2 of hepatic P-450 were induced clearly by treatment with PB and BP; and band 3 was detected only by treatment with PB. The changes of P-450 peak heights measured with renal microsomes were in agreement with the results determined by the conventional assay method (Fig. 1) .
Discussion
The analytical procedure for demonstrating P-450 subunits introduced in this report has some advantages, but at the same time, limitations. The continuous gradient gels, with the highest polyacrylamide concentration of 40%, made an ultramicro P-450 assay in the order of fmoles quantitatively possible (19, 21) . Using this technique, qualitative (for P-450 molecules) and quantitative P-450 analyses of liver biopsy specimens (22) and isolated nephron segments (19, 21) have been successfully carried out. Moreover, low P-450 activity in extrahepatic tissues and pre parations, e.g., aorta and renal mitochondria, could be assayed*. Although five to seven forms of hepatic P-450 have been purified in rats (5), only three different P-450 bands were identified in this communication (Fig. 5) .
From previous papers, a small form of molecular weight 48,000 was purified from PB, 3MC, and aroclor-treated rats, (23); a middle form, ca. 49,000 to 53,000 MW, was * H . Endou and S. Hasumura, unpublished results.
induced by ; and a large form, ca. 53,000 to 56,000 MW, was induced by 3MC (23, (25) (26) (27) (28) . Changes of densitometric P-450 profiles following drug administrations reported in this paper (Fig. 5) were consistent with the previous results.
Recently, Kusunose et al. (14) reported that different forms of P-450 in rabbit kidney cortex could be analyzed by high performance liquid chromatography (H PLC). Three different forms of P-450 were observed, and each subunit was induced separately by drugs such as PB, 3MC, and ,3-naphthoflavone. We observed only one sharp peak of P-450 in the rat renal microsomes (Fig. 3 ), and two P-450 peaks with rabbit kidney microsomes by the continuous gradient polyacrylamide gel method (21 ), suggesting that molecular weights of the three renal P-450's separated by HPLC might possess only minute differ ences in the molecular weights from each other. Omega-oxidation of fatty acids has been shown to be catalyzed by microsomel P-450 (4, 20, 30) . Since laurate-w-oxidation was induced by starvation (Figs. 1, 2 ), subunit(s) of P-450 induced by starvation should catalyze laurate-o-oxidation in the kidney (6) as well as the liver. As calculated in Table 1 , specific laurate-w-oxidation activity per P 450 in the kidney was much higher than that in the liver, and laurate-w-oxidation activity nor P-450 content under starvation showed a relatively similar rate (8.4 in the kidney versus 4.2 in the liver). These results indicate that the renal P-450 subunit that catalyzed laurate-w-oxidation was a greater part of the total renal P-450 than the hepatic subunit. From the densitometric profiles (Figs. 3-5 of each P-450 subunit. In this study, we assayed one dimensional specificity of P-450 and changes of laurate-w-oxidation under starvation and treatment with drugs. Although we could not clarify details of the relationship between subunits of P-450 and laurate-a-oxidation, we could speculate on the molecular subunit of P-450 that catalyzed lau rate o oxidation and the existence of common P-450 subunits or stereospecificity in the kidney and liver microsomes. 
